D
IETARY WEIGHT-LOSS SUPPLEments often combine ephedra and caffeine with various other natural ingredients. In the United States, more than 3 billion doses of these herbal preparations are sold annually, resulting in $7 billion in sales. [1] [2] Ephedra is a sympathomimetic amine structurally related to amphetamines, while caffeine is a methylxanthinederived phosphodiesterase inhibitor. [3] [4] The doses of the other natural ingredients are not always disclosed, their pharmacology and pharmacokinetics are generally not well characterized, and drug interaction data between ingredients are lacking. Nevertheless, consumers are drawn to herbal preparations because of their nonprescription status, direct-toconsumer advertising, and the perception that natural products are innately safe. 5 Unfortunately, the perception of safety may be the result of a lack of data. Questions regarding safety have been raised by anecdotal cases of sudden cardiac death and cerebrovascular accidents. 1 Therefore, further study of these preparations is warranted.
Metabolife 356 (Metabolife International Inc, San Diego, Calif) is the bestselling dietary supplement containing ephedra and caffeine (hereafter abbreviated as DSEC). 6 It contains 19 labeled ingredients including ephedra and caffeine (TABLE 1) . 7 Other commonly used products such as Trimspa Thermogenic Herbal Concentrate (Nutramerica Corp, Cedar Knolls, NJ), Hydroxycut (Muscletech Research and Development Inc, Toronto, Ontario), and Xenedrine (Cytodyne Technologies, Hicksville, NY) contain 30, 12, and 12 labeled ingredients with 8, 4, and 4 similarly labeled ingredients overlapping with Metabolife 356, respectively, including ephedra and caffeine. This pharmacodynamic study evaluated the effect of the DSEC on the corrected QT (QTc) interval and systolic blood pressure (SBP). [8] [9] [10] [11] 
METHODS

Design
This was a randomized, double-blind, placebo-controlled, crossover study conducted from January to May 2003. The study was approved by the institutional review board at the University of Connecticut and all patients provided written informed consent.
Individuals at least 18 years of age and in general good health expressing interest in participating in the study were evaluated for exclusion criteria. Individuals were excluded if they had a cardiac rhythm other than normal sinus, history of atrial or ventricular arrhythmia, family history of premature sudden cardiac death, left ventricular hypertrophy, atherosclerosis, hypertension, palpitations, T-wave abnormalities, QTc interval greater than 440 milliseconds, thyroid disease, type 1 or 2 diabetes mellitus, recurrent headaches, depression, any psychiatric condition or neurological disorder, history of alcohol or drug abuse, renal or hepatic dysfunction, concurrent use of potentially interacting drugs (anticoagulants, monoamine oxidase inhibitors, over-the-counter medications containing pseudoephedrine, or any dietary supplements), or were unwilling to sign informed consent. Pregnant or lactating women were also excluded from participation, and urine dipstick tests were used to confirm lack of pregnancy.
Individuals included in the study were randomized to receive DSEC or placebo as their first treatment using a random permuted block method with a block size of 4 patients per group. During the first phase of the study, participants received 1 capsule of either DSEC or matching placebo. Each opaque DSEC capsule had the contents of 1 Metabolife 356 tablet (Table  1) , representing the smallest standard single dose of Metabolife 356. [6] [7] Following a 7-day washout period, participants returned for the second phase of the trial and received the other treatment (FIGURE). During each phase, hemodynamic and electrocardiographic variables were evaluated immediately before the ingestion of the capsule (preingestion) and 1, 3, and 5 hours postdosing. This interval was chosen based on the half-lives of ephedra (3-6 hours) and caffeine (3 hours) and because the product labeling indicates that Metabolife 356 can be taken as frequently as 3 to 4 times a day during waking hours. 
Electrocardiographic Measurement
The primary electrocardiogram (ECG) end point was the maximum postdosing QTc interval attained over 5 hours in DSEC vs placebo groups. Maximum postdosing QTc was determined by averaging the QTc intervals from all evaluable leads in each of the 3 postdosing ECGs and selecting the ECG with the greatest average QTc interval in both groups. Maximum postdosing QTc was assessed because the time to maximal absorption of the various ingredients in DSEC is not established. The maximum P-wave, PR, QRS, QT, and RR intervals were similarly measured. The QTc interval was calculated using Bazett's formula [QTc = QT/(RR) 1/2 ] for the primary analysis since it is the most commonly used clinically, but the Framingham Linear Correction formula was also used [QTc = QT + 1.54 (1−RR)] since Bazett's formula may overcorrect at heart rates (HRs) above 60/ min. 12,13 P-wave and QTc interval dispersion (measures of the degree of heterogeneity in conduction throughout atrial and ventricular tissue, respectively) were measured by subtracting the longest and shortest P-wave or QTc intervals on the selected 12-lead ECG, respectively. The HR was calculated based on the average RR interval using the formula: (60/[RR interval/1000]).
Twelve-lead ECG readings (WelchAllyn, Skaneateles Falls, NY) were obtained while participants were in the recumbent position and breathing freely and were recorded with 1 mV/cm standardization and paper speed of 25 mm/s. Electrocardiographic variables were manually derived by a single blinded study investigator using a precision ruler of 0.5-mm scale (SchadlerQuinzel, Parsippany, NJ).
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Hemodynamic Measurements
The primary hemodynamic end point was the maximum SBP attained over the 5-hour study for Metabolife 356 vs placebo groups. Secondary selected he- EFFECTS OF A DIETARY SUPPLEMENT CONTAINING EPHEDRA AND CAFFEINE ©2004 American Medical Association. All rights reserved. 14 To measure and calculate hemodynamics, ICG sensors were placed bilaterally on the root of the neck and on the thorax at the level of the xiphoid process while an oscillometric cuff connected to the device was placed 2.5 cm above the antecubetal crease with the bladder of the cuff placed over the brachial artery.
14 Measurements were obtained when the ICG waveform indicator displayed signal strength of at least 75% to 100%. To minimize circadian variations in BP, participants completed both phases of the study at the same time of day.
Adverse Effects
Adverse effects were identified by asking at each postdosing ECG/hemodynamic time point, "Have you experienced any potential adverse effects since the last time period?" If a potential adverse effect at a previous time point was identified, the individual was asked, "Do you still have the adverse effect you reported previously?" and "Is it worse than last time or better than last time?" Answers were recorded and any individual reporting an adverse effect reported at the 5-hour postdosing time point was followed up for an additional hour.
Statistical Analysis
Continuous data are presented as mean (SD) with dichotomous variables expressed as percentages. Intragroup and intergroup comparisons of continuous data were performed using a paired t test. When data were analyzed using the nonparametric Wilcoxon signed rank test, results did not differ; the parametric analyses are presented. 2 Analysis of categorical data was also performed. A P value Յ.05 was considered statistically significant. Since baseline data did not differ significantly other than for SBP, maximum postdose values were compared directly. The baseline SBP among patients receiving placebo as their second treatment were higher than those receiving DSEC, but by 1 hour these patients had SBPs not different from those of DSEC at baseline. Therefore, maximum SBP values were also compared directly.
A prespecified power analysis was conducted under the assumption that an intergroup difference in either SBP by 4 (4) mm Hg or in the QTc interval by 6 (3) mm Hg would be significant. We selected a QTc interval difference between groups of 6 milliseconds because that was the maximum normal variability based on Molnar et al 15 ; the SBP difference of 4 mm Hg between groups was based on Corea et al. 16 The SDs for the ECG and SBP used in our power calculations were derived from our previous evaluations of the ECG and BP effects of herbal products in young healthy volunteers. 17 Using an ␣ of .05 and a power of 80%, the necessary sample sizes were 10 and 4 patients, respectively. . No participant in either group had a QTc interval increase of 60 milliseconds or higher or a QTc value greater than 500 milliseconds. Average QTc interval (Bazett) increases from baseline were 27.20 (20.57) milliseconds for DSEC and 2.63 (24.81) milliseconds for placebo (P = .03 and P =.69). The QTc interval (Bazett) was greater in the DSEC group than the placebo group at every postingestion time point (Table 2) . When the Framingham Linear Correction was used, the difference in the postdosing QTc values between the DSEC and placebo groups was of the same magnitude and direction (ie, 23.7-millisecond in- (Table 3) .
RESULTS
Fifteen participants (mean
Adverse Events
All patients receiving DSEC reported nonspecific symptoms (jitteriness, queasiness, or "not feeling quite right").
No adverse effects were reported while patients were receiving placebo (PϽ.001). One woman developed sinus tachycardia at a rate of 120/min with palpitations 1 hour after taking DSEC, which persisted through the 5-hour time point but subsided 1 hour after the study was completed. Two premature ventricular complexes developed in 1 patient 5 hours after taking DSEC and subsided 1 hour later. A hand tremor developed in 1 patient after taking DSEC that subsided 5 hours postdosing.
COMMENT
The DSEC prolonged the QTc interval by an average of 27 milliseconds vs baseline, and postdosing levels were 23 milliseconds higher than placebo. Overall, 53% of participants had QTc interval increases of at least 30 seconds while taking the DSEC. The European Center for Proprietary Medicinal Products recognizes a drug-induced increase in the QTc interval of at least 30 milliseconds as a potential cause of concern germane to the development of torsade de pointes with increases of at least 60 milliseconds or any postdosing value at least 500 milliseconds a definite cause for concern. 18 Although there are no official Food and Drug Administration standards on QTc interval prolongation, in a preliminary concept article, the following signals for increased risk of proarrhythmia were identified: an increase of at least 30 or 60 milliseconds from baseline or postdosing values of at least 450, 480, or 500 milliseconds. 19 In actual practice, the Food and Drug Administration has been even more stringent. Cisapride and terfenadine were removed from the US market due to cases of reported proarrhythmia and prolonged QTc intervals in the range of 13 to 17 milliseconds without concurrent drug interactions and 23 to 74 milliseconds with such interactions. [20] [21] [22] [23] The antipsychotic ziprasidone has a bolded warning included in the package insert because of 20-second increases in maximal postdosing QTc intervals. 24, 25 In clinical trials with sotalol, the risk of torsade de pointes was related to the dose and QTc interval. At a 160-mg dose, the average QTc interval was 467 milliseconds and the incidence of torsade de pointes was 0.5%. When the dose was increased to 640 mg, the average QTc was 490 milliseconds and the incidence of torsade de pointes was 3.7%. The DSEC increased the maximum P-wave duration and P-wave dispersion. Patients with paroxysmal atrial fibrillation are more likely to have increases in these variables. [27] [28] [29] Gardner et al 30 studied 10 patients taking Metabolife 356 (2 tablets 3 times daily for 14 days) with continuous Holter monitor and periodic BP monitoring and found that the number of atrial premature complexes on days 3 and 14 were increased by 402% and 285%. This was caused by dramatic increases within 2 participants and no appreciable changes in the other 8 participants in that study. The small numbers and high SDs precluded a significant result. These investigators did not evaluate QTc interval effects. Although the risk of atrial arrhythmias may be increased, the degree of risk with Metabolife 356 cannot be determined at this time. In a meta-analysis of ephedra and ephedrine products vs control, the odds ratio of heart palpitations was 2.29 (95% confidence interval, 1.27-4.32). 31 Whether these patients were experiencing palpitations of atrial or ventricular origin is unknown, but our data and those from Gardner et al suggest that palpitations may have been from either source. 30, 31 Through bioelectrical ICG, we were able to determine which of the constituent hemodynamic effects contributed to the increases in SBP given the equation [BP = CI ϫ SVRI where CI=HRϫ SI]. There was a qualitative increase in CI caused by a significant increase in SI, which is the amount of blood that the heart ejects into the arterial circulation per beat (standardized to body surface area) and is a preload-dependent measure of myocardial inotropy. Since DSEC did not alter TFC or SVRI, measures of preload and afterload, respectively, the increase in myocardial inotropy is likely related to a direct effect and not caused by a fluid shift into the central circulation.
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There are several study limitations precipitated primarily by safety concerns. First, we studied young healthy volunteers without comorbid conditions and normal baseline QTc intervals rather than obese participants or those looking to enhance athletic performance. In a previous study of patients without concurrent drugs or comorbid diseases, the QTc interval was larger with increasing age, and therefore the younger population we studied reduces the likelihood that QTc would exceed 500 milliseconds. Comorbid conditions excluded in our study were found to increase the risk of proarrhythmia with other agents prolonging the QTc interval. 32 We evaluated the lowest dose of Metabolife 356 and did not assess a dose-response relationship. Ziprasidone and antiarrhythmic drugs have clear dose-dependent increases in the QTc interval. 31, 32 Given the multi-ingredient nature of Metabolife 356 and other top-selling products, we cannot determine which ingredient or combination of ingredients causes the effects seen. However, in a previous similar study of caffeine alone, caffeine did not alter the PR, QRS, QT, or QTc intervals, and SBP was increased only among caffeine-naive individuals at 3 hours. 33 Therefore, the effects seen are likely not due to caffeine. Whether dietary supplements with similar ingredients would have similar effects is not known. Future studies are needed not only to determine which ingredients in Metabolife 356 can cause electrocardiographic and hemodynamic alterations, but also to determine whether pharmacokinetic or pharmacodynamic interactions between components or concurrent renal or hepatic disease attenuate or intensify the effect. Finally, this study was too small to evaluate the actual occurrence of ventricular arrhythmias.
CONCLUSION
This study demonstrated that a single dose of a dietary supplement containing ephedra and caffeine significantly prolongs the QTc interval and P-wave duration, risk factors for the development of ventricular and atrial arrhythmias, respectively. Systolic blood pressure is also increased. Metabolife 356 and products sharing similar ingredients should be avoided until more information is known.
The great men of culture are those who have had a passion for diffusing, for making prevail, for carrying from one end of society to the other, the best knowledge, the best ideas of their time; who have labored to divest knowledge of all that was harsh, uncouth, difficult, abstract, professional, exclusive; to humanize it, to make it efficient outside the clique of the cultivated and learned, yet still remain the best knowledge and thought of the time, and a true source, therefore, of sweetness and light. 
